Under normal conditions glycogen cannot be detected in adipose tissue. When animals are first starved and then fed on a carbohydrate diet, glycogen appears temporarily in this tissue (see Hausberger & Neuenschwander-Lemmer, 1939) . Tuerkischer & Wertheimer (1942) investigated the phenomenon in detail and found that, in the rat, this deposition of glycogen was particularly marked in the brown adipose tissue, which in this species is found between the scapulae as a light-brown butterfly-shaped mass, having the appearance of a gland. Glycogen concentrations as high as 6 g./100 g. wet tissue were sometimes observed. Fawcett (1948) has recently confirmed these observations. Mirski (1942) showed that brown adipose tissue of the rat contained phosphorylase and phosphoglucomutase and suggested that glycogen might be synthesized from glucose by a similar mechanism to that involving hexokinase and these enzymes in muscle and liver. and Cori & Cori (1945) showed that suitable preparations of muscle and spleen could convert crystalline muscle phosphorylase a into phosphorylase b, which was active only in the presence of adenylic acid. This effect of muscle and spleen was attributed to the presence of a 'PR' (prosthetic group-removing) enzyme, which was considered to remove a prosthetic group from phosphorylase a. observed that the presence of extracts of liver or heart resulted in the synthesis by phosphorylase a from glucose-lphosphate of a polysaccharide similar to glycogen, while in the absence of such extracts there resulted a polysaccharide similar to amylose. They believed such extracts contained a 'Supplementary Enzyme' which, while phosphorylase a was forming, a-1:4-glucoside linkages catalysed the introduction of branch points formed by a-1:6-glucoside linkages.
The work described in this paper has demonstrated the presence of hexokinase in the brown adipose tissue of the rat, and has confinned the presence ofphosphorylaseandphosphoglucomutase; the properties of the latter two enzymes have been investigated in more detail. Brown adipose-tissue extracts have also been found to possess PR enzyme and Supplementary Enzyme activities.
EXPERIMENTAL Reagents
Veronal acetate buffers (0.034M) were prepared according to Gortner (1949) .
Adenosinetriphosphate (ATP). The ATP used (Boots Pure Drug Co. Ltd.) was 80% pure according to its content of acid-labile P (7 min. in N-HCI at 1000). A 0-05M-ATP solution of the Na salt was prepared from the Ba salt.
Adenylic acid was prepared from dibarium ATP by the method of Kerr (1941) .
Glucose-1-phosphatewaspreparedenzymricailyfrompotato starch by a modification of the method of Hanes (1940 Bertho & Grassmann (1938) .
Cry8talline phosphoryla8e a. Suspensions were prepared according to . Glycogen was prepared from rabbit liver by the method of Somogyi (1934) .
Analytical methods
Glucose was determined by the photometric method of Nelson (1944) using the Somogyi (1945) copper reagent.
Inorganic phosphoru8 was determined according to Fiske & Subbarow (1925) modified by Umbreit, Burris & Stauffer (1945). Glycogen was determined by the method of Colowick & Sutherland (1942) .
Preparations of adipose tissue extracts Wistar rats were used throughout. All extracts investigated for enzyme activity were prepared as quickly as possible after killing the animal by a blow on the head. The brown adipose tissue is supported between the scapulae by strands of muscle which would contain the enzymes being sought in the tissue; particular care was therefore taken to remove all of this muscle before preparing the extracts. The brown adipose tissue was freed from white adipose tissue and stored on ice until sufficient material had been dissected out.
After the fat had solidified it became much lighter in colour, and any remaining muscle could be distinguished as darker, translucent material which was easily removed. All subsequent operations were carried out in the cold room at 50 with ice-cold reagents. 20 min. after the addition of Ith vol. 0-3M-cysteine hydrochloride, pH 6*75 Phosphoglucomutase. Glucose-l-phosphate (1-ester) is completely hydrolysed by heating with N-H,50, at 1000for 10 min., whereas glucose-6-phosphate (6-ester) is unaffected.
The conversion of 1-ester to 6-ester was, therefore, determined from the decrease in easily hydrolysable phosphate (Najjar, 1948 Synthesi8 ofpoly8accharide by brown adipoee-tt8iue extract.
A crude extract of brown adipose tissue (1 ml.) containing 0-1 ml. 0-3m-cysteine-glycerophosphate buffer (pH 6-75) was added to 0-5 ml. 0-28m-1-ester (pH 6-75), 0-2 ml. 9 mmadenylic acid, 0-1 ml. 2% glycogen and 0-2 ml. 0*2m-NaF.
After incubation for 1 hr. at 300 the reaction was stopped by the addition of 2-0 ml. 30% NaOH, and the polysaccharide determined as glycogen. In a separate experiment, after heating the reaction mixture with the NaOH, 1-3 vol. ethanol (95%) were added, the mixture boiled for a few seconds and the precipitated polysaccharide allowed to settle overnight. The mixture was then centrifuged and the polysaccharide dissolved in 1-0 ml. of water from which it was reprecipitated by the addition of 1-3 vol. of ethanol. This procedure was repeated twice, the polysaccharide washed with absolute ethanol, then with ether and finally dried in vacua over anhydrous CaCl32.
Supplementary Enzyme was assumed to be present in a tissue extract when the addition of that extract to a phosphorylase test system resulted in an increase in the phosphorylase activity and in the formation of a polysaccharide staining brown with iodine . The Supplementary Enzyme preparation (0 4 ml.) was added to 04 ml. 0 1% glycogen, 0 2 ml. 0 14m-1-ester (pH 6-75) and 1 ml. of a solution of crystalline phosphorylase a in 0-03 r-cysteinehydrochloride-glycerophosphate buffer (pH (1949) when the reaction mixture contained no magnesium ions other than those present in the tissue extract. Fig. 2 illustrates the inhibition of the phosphoglucomutase activity of extracts of brown adipose tissue by sodium fluoride; inhibition in the presence of3 nmi-sodium fluoride is almost complete.
The initial velocity of the reaction, as measured by the amount of 6-ester phosphorus formned during the first 10 min. was plotted against the 1-ester concentration (Fig. 3) . The enzyme activity was reduced at or phosphatase activity becoming manifest at the higher concentrations of substrate was excluded because no inorganic phosphate was liberated. Fig. 4 shows the formation of 6-ester at different 1-ester concentrations. After 200 ,ug. of 6-ester phosphorus had been formed the reaction rate (as given by the slope ofthe curve) at a concentration of 7-55 mM-l-ester was much greater than that when the substrate concentration was 47-75 mm. The inhibition, therefore, appears due to the 1-ester itself rather than to the formation of 6-ester. The mathematical criteria of substrate inhibition suggested by Lineweaver & Burke (1934) , case III, were applied to the curves in Fig. 3 , but with inconclusive results.
Pho8phorylase
In agreement with the observations of on muscle phosphorylase, the phosphorylase activity of purified brown adipose-tissue extracts show little or no phosphorylase activity in the absence of added cysteine. hydroxide. Fig. 6 shows that the phosphorylase in brown adipose tissue is inhibited by glucose, phlorrhizin and a-methyl-D-glucoside. Table 1 shows the phosphorylase activity, in the presence and in the absence of adenylic acid, of crystalline muscle phosphorylase before and after incubation at pH 6-75 with the PR enzyme preparation from brown adipose tissue. The activities are expressed as percentages of the activity, in the presence of adenylic acid, of the phosphorylase not incubated with the PR enzyme. The activity of the crystalline phosphorylase incubated in the absence of the PR enzyme remained constant during the 2 hr. period. After 30 min. incubation with the PR enzyme the activity in the absence of adenylic acid was practically abolished, but in the presence of adenylic acid the activity was still 79 % ofthat ofthe control. The phosphorylase a had, therefore, been converted completely to phosphorylase b, showing that brown adipose tissue in the rat must contain PR enzyme.
PR enzyme
Attempts were made to remove the PR enzyme rapidly from the crude adipose-tissue extract before anyphosphorylase a, present inthe intacttissue, was converted into phosphorylase b. Five different extracts containing phosphorylase were prepared by the method intended to remove PR enzyme as quickly as possible. Of these extracts, four apparently containedphosphorylase a, i.e. they were active in the absence of added adenylic acid. Their activity was, however, increased by the addition of this substance. Fig. 7 shows the results obtained with one of these extracts, as well as those given by the fifth extract which contained phosphorylase b, i.e. it showed activity only in the presence of added adenylic acid. No inorganic phosphate was liberated when glycogen was omitted from the reaction mixture so that phosphate liberation, when it occurred, must have been due to phosphorylase. It is possible that the four extracts active without added adenylic acid contained only phosphorylase b together with suboptimal amounts of adenylic acid derived from the original tissue. This view finds support in the fact that similar results were obtained with phosphorylase preparations in which no attempt had been made to separate PR enzyme, and in which conditions had been highly favourable for the conversion of phosphorylase a into phosphorylase b. In an attempt to free the extracts of adenylic acid, severalwere dialysed in cellophan tubes against cysteine-glycerophosphate buffer (003M, pH 6-75) at 4-5O, yet even after 8 hr. dialysis against repeatedly changed buffer solution, phosphorylase activity was still present in the absence of added adenylic acid.
Nature of the synthetic polysaccharide Mirski (1942) showed that eluates prepared from the white adipose tissue of rats were able to catalyse the synthesis of glycogen from glucose-1 -phosphate. Owing to the presence of amylase some difficulty was experienced in detecting the increase in polysaccharide concentration. Ostem, Herbert & Holmes (1939) encountered a similar difficulty in attempting to demonstrate the synthesis of polysaccharide by liver brei. By using high concentrations of glucose-1-phosphate and by adding sodium fluoride, which partially inhibited the phosphoglucomutase, Ostern et al. succeeded in demonstrating the synthesis of polysaccharide. Table 2 shows that under similar conditions approximately 30 % of the 1-ester was converted to polysaccharide by a crude extract of brown adipose tissue. When the polysaccharide was isolated, it behaved like glycogen in giving an opalescent solution inwater and staining brown with iodine. Table 2 . Poly8accharide synthesis by crude extracts of brown adipose tissue (The enzyme solution was incubated at pH 6-75 and 300 with 0-07M-1-ester, 0 9 mM-adenylic acid, 0-1% glycogen, 0-02M-NaF and 0-015M-cysteine-glycerophosphate buffer.) Provided a small quantity of glycogen was present to prime the reaction, all increased the activity of phosphorylase a and resulted in the synthesis of a polysaccharide staining brown with iodine. Fig. 8 Fig. 9 .
In the absence of glycogen no polysaccharide synthesis occurred. In the presence of 0-005 % glycogen, an autocatalytic form of curve (curve C) was occasionally, but not regularly, observed. Fig. 10 and by o-methyl-D-A glucoside (Campbell & Creasey, 1949 observed polysaccharide synthesis from glucose-l-phosphate by phosphorylase a and heart or liver Supplementary Enzyme preparations even in the absence of added glycogen, the rate curve being autocatalytic in form. In the present experiments, minute amounts of glycogen have been essential for polysaccharide synthesis (Fig. 9) , and since this was also found to be the case with phosphorylase a and Supplementary Enzyme from liver, it may well be that Cori's preparations were not entirely free from glycogen, or other primer. Bailey, Whelan & Peat (1950) have shown that triand tetra-saccharides may function as primers in the synthesis of amylose by potato phosphorylase, but no information is available concerning the ability of such short chains to prime polysaccharide synthesis by animal phosphorylases, nor as to the relation of the Supplementary Enzymes of animal tissues to the corresponding Q enzyme of plant tissues (Barker, Bourne, Wilkinson & Peat, 1950) .
Throughout the present worlk an alkali-stable polysaccharide staining brown with iodine has been assumed to be glycogen. It is unfortunate that we had no opportunity of measuring the optical rotation nor of the 'blue' and 'A-V' value as defined by Bourne et al. (1948) , especially in view of the recent work of , who have shown that the i8ophosphorylase of the potato described by Bernfeld & Meut6m6dian (1948) does not exist. Bernfeld & Meut6m6dian claimed to have prepared i8ophosphorylase which, in the presence of potato phosphorylase and inorganic phosphorus, converted amylose into a polysaccharide presumed to possess a branched structure because it stained red with iodine. Bailey & Whelan showed that the red stain was due not to a polysaccharide with a branched structure, but to the formation of dextrins by a-amylase associated with a reduction in the amount of amylose staining blue with iodine by the action of phosphorylase in the presence of phosphate. It is clear that in future work concerning Supplementary Enzymes, care must be taken to confirm by rotation and 'A-V' measurements that the substances formed actually have branched structures. SUMMARY 1. Hexokinase, phosphoglucomutase and phosphorylase have been demonstrated in extracts of the brown adipose tissue of the rat.
2. The phosphoglucomutase of brown adipose tissue requires magnesium ions for its optimum activity, and is inhibited by sodium fluoride and by high concentrations of glucose-I-phosphate.
3. The phosphorylase of brown adipose tissue has been prepared free from phosphatase and phosphoglucomutase; it is activated by cysteine and glycogen and inhibited by glucose, x-methyl-Dglucoside and by phlorrhizin. It was impossible to demonstrate unequivocally whether the phosphorylase in the adipose tissue was in the a or b form since the preparation obtained may have been contaminated with suboptimal concentrations of adenylic acid.
4. Extracts of brown adipose tissue contain PR enzyme.
5. The polysaccharide synthesized by the phosphorylase of brown adipose tissue stained brown with iodine and was assumed to possess a branched structure.
6. Extracts of the brown adipose tissue of the rat contained Supplementary Enzyme which, in conjunction with phosphorylase a, catalysed the synthesis from glucose-I-phosphate of a branched polysaccharide similar to glycogen.
